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1020030063150 #^ <U*}: 2003/10/16 

immrnxn 2003.09.09 

[^S2J S^SUl CURRENT-ADDED-TYPE DIGITAL TO ANALOG CONVERTER AND DIGITAL 

TO ANALOG CONVERTING METHOD THEREOF 

[S3] #gSW Ah 

[#S!PJ3H] 1-1998-104271-3 
[CHBiei] 
[£g] 

[ CH £| °J 3 = ] 9-1 998-000230-2 

[SI?|gJife!5] 1 999-030203-7 
[&SXU 

[£§2J ^§H3|] ^3EH 

[^S°J S^SJIl MOON.Kyeong Tae 

[^eiS^BS] 680323-1029719 

[?3&lt] 442-747 

[^] s^is ^s!ai mm=p- see i^Dre^isom^ 204-706 

[^31 KR 
[£IAF§?] 

§h esiAiAh s m^mu p. chpoj 
efg? (oj) 

[4*^s] 

DIMS!^] 20 3 29,000 3 

[3^*3 S] 37 3 37,000 S 

0 2d OS! 

[£A*a?s] . 33 m 1,165,000 m 

imm 1,231,000 a 

[§¥AHW] 1. fi°UH- SA||AH(££)_1S 
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1020030063150 #^ 2003/10/16 

k(=m+n, <*|7H k^- ^V^^olJl, k 7}^) t^]ig ofi o] # cfl 

W ¥i *D 2 ^W^Jf^r ^Hr^S.^ ^ cfs. #^^^-1- ^Aitbcf. 7RV*g 

#i^df^ €^*H *iff-# ^*>7l ^ 7>^ 

*8 T^l^M^S-ZI ^BItt ^7>^^.S <y*fl *M*Hr ^7\% 

£ 2 
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{CURRENT-ADDED-TYPE DIGITAL TO ANALOG CONVERTER AND DIGITAL TO ANALOG CONVERTING METHOD 
THEREOF} 

£ 2^ l ^aHH 10 y]H ^ 7RV^ v]^/*}^^^ ^Ei-I- 

51 5^ -g- ^1 3 ^a^H] io wis ^s. 7 RV^ cI^I^/oV^zl ^tHEi# 

S. 7-& & t^^ X| 5 ^UHHl 4=- io «1H # = 7 >a>^ tij^^/o^s.zL ^u]Eil- 
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/CV^ZL ?i^Eil- ^Tim i, 1 ^^^^ 2 vflo) StJ- 

210, 310 : 220, 320 : 1 *lfi-*#-¥- 

230, 330 : *fl 2 ^l^^f 240, 340 : i^R 1J f 

250 : ^H^IJL fJ-^-f 260, 270, 360, 370 : ^iL^S 

274 : 
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1020030063150 #^ <U*>: 2003/10/16 

^it 7R>^ t\*\^/o}^S.=L (Digital to Analog Converter HI ^tr 

ZL ^tt]E| ^ tq^]^/o>^Zf ^^«j-^oll ^olcf. 

°>^S.ZL ^IJLS. #^*Rr ^M^f. k)xM/o\^3,zl ^ zJi\s.^o] t\z\ 

2000-0072961^^1^ 10 *1B 7RV^ t^x]^/o>^zl ^Ei^ Q$\7\ 7^]£\o\ 50 c). 

1H» M-^W. £ 1-t- *lff- 7RV^ tq^^/oV^ZL ^E^ ^^Hl* ^*Kr 

PM0S H^l^EKMPREFHl ^^-^^ <g^(current -mirror-connected)^ ^ ^fr* i 
^ ^ PMOS H?l^^Ei-i:(MPl ~ MP36)^r ^l^. PM0S B^l^-I-CMPl ~ MP36) zj-z^ 
^eflo] v±7}9\ #^^>(0UT) A>o]ofl^ t]z)% °g^^lsl-(Dl ~ D36)^l ^ ^fl ^^R 1 
*>^r ^^^l-i-CSWl ~ SW36)°1 $14. °t]^5L)^- 10 ^ e c)^^ o^a]Jl 

t ? s}^l 5 ZLtfls. i^^ll-(SWl ~ SW5)<^1 ^l7>£lJL, #3 5 «1B^ 31 «1HS 

^ tr ^ ^^^1#(SW6 ~ SW36H1 ^7^^. 7 R>^ tl*l ^M^zz. ^e^ 

» ^-g-Sfrfe PMOS B^l^l^Ei-i-(MPl ~ MP36) AA$\ #^ff-£l 3.71 7 V ^^5. nfl 
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1020030063150 #3 ^*>: 2003/10/16 

9] EL7}9\ ofl °1 B^^l^Eil-a- ^ Jre^ *lfj-o] ^.g. sftQ ^^.^^ 

S.(10)# ^ i^*H <a^=l PMOS B^^iE^#(MPl - MP36)£) 2.^- 

#^^HHR0)^-S #^^f(0UT)ofl^ 7)§^<a-(VREF)ofl o]s- ^ojj ^ 

s]^ ^<y-ol c^Ht^ M-E^cf. ^^^1^1:(D1 - D36)£] «1H -*MH i 

$1*1^ ^7} ^^lJl tq^m ^^^l^l-CDl ~ D36) cfl-g-^ o\^3,n. ai^71- #^#*K0UT) 

ZL^C-ll, £ 1^1 7 ].AV^ Cl^l^/Oi^n ^BlEi^A^ £^ ^Z}^ PMOS 

^Eil-(MP1 - MP36H1 * s.^ ^^-tlSl-^ 3.7]^] ul^ PMOS H€^1^E^1-(MP1 - MP36)^ 

£ 1-g: ^S^, t^lH °J?^Jl1-(D1 ~ D36) ^ wlH(DlH tfl-g-^ PMOS B 

^^(MPl)^ *V°l2i» ID) el ^- nfl ; Z| ^^-1- H^l^l^Eil-^ A>o]^^ Z>Z}- 

MP1°1 l, MP27> 2, MP3°1 4, MP47> 8, MP57> 16, MP6 MP36°1 32^) X[o]^m. ^uf. ^ > 

c^ig cllo)Ei^ ^ 5 wm<>ll ^-§-*Hr PMOS H€^l^-i-(MPl - MP5)£r 2k(k^ 7><S^ 

^7H>^ 3711- 5 ^ soil tfl-§-*Rr PMOS S^fl^^E^CMPl - MP5)£r ^ 

°l5l-5- 0 ) °fl# 10 tL^E]* ^ 5>t3 fll i-S-S)^ ^fHo 1 ^ H^M^E] 

l-o] ^ A>olz,^ (l+2+4+8+16)+(32>gl)=1023 ^cfl «l«fl, 12 ^Elf ^*>fe 31 

^-ff^-g" H^^liEi#o] ^sfl A>ol^^ ( 1+2+4+8+16+32 )+(64>S3)=4095 °1 cf. ^, £ 
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1020030063150 2003/10/16 
14 ^ ^* *}-8-*H t^l^M^H ^E^ 2 «1B ^7H^lfe 31 4 Hfl^S. 

#(MP1 - MP36)°1 s.-f- t}^9] B€*1^KMPREF)°11 ^-ff^el o^s)^ oi 7 ] nfl^-ofl , 
°m*\3L2] ^wlH<Hl cH-g-*}^ PM0S H^^l^EilrCMPe ~ MP36)^1 A>o]aMr SH^lB^ nfl-g- 
^ PM0S H€^liB^(MPl ~ MP5) # ^ a|H(D5)^l tfl-§-<5}^ PM0S H€*l^Bi(MP5) 

<>) 2 A>o]^«- ^V £ s. ^^}«flo> ^cf. ^yl^ofl sflc^Rr 31 7fl<?U-11, o] t)x] 

1 °^ A Jil # ^*>^ W1H(D1)^1 tfl-g-^Hr PM0S H31*l^E|(MPl)£l 32 wfl^l 3711- ^_£^=- 

A. 

<25> «J-g-*7fl^-*| ^-7fl^9-191252<Hl^ 2 q-Hr<H 4 ^-frg-^^Ml £ 

^ 3^ D l^ H^^l^Ei# rfs.7fl ^ A>ol^» ^ 7R>^ c^x] 

E ^/^Sn ^E^} 7flA]s]ol ojcf. nfUfl, ^-7fl 3g9-191252*fl ^ff-^Jf-7} 
M0S S^l^S. ^5q<H 3*1^ °J^^1^7> <y7>sl^ ^*}7\ M0S H^^l^E^ Til 

^9-191252^1 7flAl^ q^^/o>^zL ^^H^fe ^s.^u.^ ^ M0S 

on i^-i^ 7^*13 «Hi 51*11 ^^-g-^^M ^i-si «i7> ^ 

<26> ##tt ^2flo} *M^JLX> Jio]-^ ^ O.^, H-tgo) J2.*^ til 
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1020030063150 #^ 2003/10/16 

o>^SZL ^1=1* *H^Hr 3Jol4. 

<28> £ ^«V7l i&r$S\ *\] 1 <#Efl (aspect HI <4€- #ff- 7>#^ T=]*1H/ 

^V^SZI ^E^ k(=m+n, <^7H k -cr ^K^l^, m o2f n^r k 7j-<^) h^o) t^ig 

dH^I* Cfl-g-^ ^SZL ^^Slcf. 

<29> £ igj-t^ i o^Hflofl 7} xy^ r]^/o}^s_n. ^B\^ A] 1 # 

frg-^f , X) 2 i^^^-, £ ^3*1 ^H^ljr ^w]^. i^^] 

S t^^r k tl|B^ Cl^l^ ^^J! m +(2n-l) 7fl^] ^fl^AlJl-i-i; <fl# 

*Vt}. 5fl^]5]S.# ^-Wl^Cf. C^D^ ^fl*] *)HAlJr ig 

*]^°\] «fl^*>^r m 7flS] rq^]^ #7] t)=L^Q 2 n-l 7fl^ t^l ig *\3L^ ^ 

is}*) tfx]^5L m+( 2 n-l) 7fl<^ i^^] *1H^1Jl^8: #^*l-cf. £^JjL^ 7l^*€, ^ ! e 
^J^l^Ei, *fl 2 B^liEi, ^ 3 H^l^, *fl 4 ^1 5 H^l^-I- ^-n}^ 

. 1 ifl*l *fl 5 H^1^E|^ NM0S(N-type Metal Oxide Semiconductor) B^liEl 3=^- 
PM0S(P-type Metal Oxide Semiconductor) H 31*1 t 2 -^ ^ SZ^f. ^1 1 H^l^Eis]- 

2 B^flxl^E^ PM0S S^^l^E^l- a>-§-^ ^s>^, *fl 3 ifl*l *H 5 H^l^E^ NM0S H 
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1020030063150 #^ Qt.}: 2003/10/16 

^fl^iEil- A}-g-£j.a} ^^^j-cf. *\) i H^^l^Em 2 H^^l^Ei* NMOS H^^l^Bl# A>-g- 
*H 3 ^] afl 5 H^l^E^ PMOS B^M^-i- A>-g-^}^ ^^tf. *fl 2 H 

M^E^ *q l ^^SUH} 2 m tifl €- 2 Q^*] *l 

€^^1 ^3<H oi 7l$^# ^-^Icf. *fl 1 H3]*liE|^r t)-°)SLEL 
(d i ode-connected) 3 °1 , *fl 1 ^^-^Jsil- *fl 2 H3H*liEl^ x^o]^.^ 

3<H SI^-H, ^1 2 *« 3 H«*l^*r 7l^*l^H13 EH^H ^ 

£ = efl^l ^ 7flolH» ^3-. all 4 H^l^Ei^r *i| 3 H*ffl*l^Ei3 TflolH^l <£^Q 7llo]H 
3 ^xjofl o^^) 4^3- *\] 1 H^fl^liE^ = = 31^ £Hr3". 5 H^fl^li 

3fe ^ 3 NMOS H^1^e|3 7Ho]Eofl <g^^ t|Hb3 ^^ofl *fl 2 H.?Hl°i°11 

<30> i ^s-^^-jjL^ ^^-p]^ (current -mirror-connected)^ in 7fl2] 

^3<H #^<£™m. ^ i H^I^eM <3:I3°1 *ll 1 3 

-1 7fl3 H^^liEi-i-S ^3<H «iot^ _ 2 H^^l^E^i ^^o.s 

&3-. *11 2 *JS ^<Htr 2713 3^K13L«- #^ 

<31> ^^jw.^ ! ^=.^-J=Lo| m 7fl o| E^^l^Eil;^ ;*)! 2 ^df^^^fil 21-1 7fl3 B 

^xiiE-ii;^ ^]}o} k «1H tq^m ^Is^l -g-^H ^ £r€ ^3*1* 

<32> M. 1^3 1 O^Eflofl ^.s 7 |.aV^ Cl^l^/0>^ZL ^tHE^ofl^, ^ 1 

3 m 7113 H^l^E^^- zj-z}- i H^fl^l^ 3.713 2P yfl(0<p<m)3 3-€- 37]f 7> 
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1020030063150 #<3 <aj;*>: 2003/10/16 

all 2 adff-^^f^l 2"-l 7fl^ B^l^Eil-^ zfz}- ^-7) *\] 2 B3Miti4 ^^tb 

<33> g-tg£] afl ! ^Eflofl rcfs ^= 7 >^V^ c]^^/o>^zl ^E^ 1 ^l^^M 

*\o]Si s>u|-Sl t^J^ afl 2 ^d^^s] *HiE f^Alit ^1*}ZL, ofle^^Al 

Jl» ^J^l^ *f| 1 *}^-A]jL<^ ^ 2 ^-fHQJLS] 3.71* S^*>^ c] ^til^ 

<34> ^gs) ^ 2 «3=Eflofl 4^. ^fl" 7RV3 ^^^/o>^ZL ^E^ ^fl^, 1 # 

^1 2 *lff-^^f , ifl^, ^ ^H*l *H<H41Jl ^^^-» ^«1 W. 
<35> 71^^^-^, all 1 NMOS B^l^l, all 2 NMOS H^l^E] , >fl 3 NMOS 

*l^Ei, afl l PM0S S^l±Ei, ^ all 2 PM0S B^l^Bl* ^-wltb^. 7}^^^ 
$.Q&<&°\) <$^s\°] 7l§^^-* ^tVcf. ^ 1 PM0S H^l^Elfe q-ol^c <g;g 

(di ode-connected) s) & f i #^4. all 2 PM0S H^iEl^ nfoj^c 

9X°-*\, afl 2 ^I^KIJl* #^ all 1 NMOS B^l^E^ 7l^^i^-^^ Ej-^ofl 

^-3l°J ^ TflolB* 5Hr4. all 2 NMOS H^l^fe all 1 NMOS H^l^Ei^ Tfl 
°1H°1] ^TJ^l 7flolHSl- ^^Hl <S^^ rdi^ all 1 PM0S B^^l^E^ JE.efl<y°fl =51] 
3Hr4. all 3 NMOS B^l^E^ all 1 NMOS B^l^E^ 7lHH<Hl TlMB^r ^*1 

°fl all 2 PM0S H^1^e|^ = all oil = sll^* afl l PM0S B^ 

*l^Ei«2l Al-ol^oi] ^ *fl 2 PM0S H^l^Ei^ tij ( r at io)^ all 2 NMOS H^l^Ei 

21 A>ol^ofl cfl*l ^1 3 NMOS H^l^E-lcy) a}c>1^c>1 ^t)) ^711^4. 
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1020030063150 <a]*>: 2003/10/16 

<36> xl 1 ^frg-^g-f ^ ^fr^l (current-mi rror-connected)€ PMOS H^fi^l^E^l-S. ^ 

^5)^1 , ^-ff-^* tMS*^ Xl 1 PMOS H El <Hl $Icf. Xl 1 

^frS^^ ^3. 3.7)2) *1^R0Jl-I-# #^*Vcf. X) 2 *iff-^g-^r #^l e] 

PMOS H 31*1 ^Ei 1-3. 91°-*) , ^fr^l- n^^Rr X] 2 PMOS H^l^EH o. 

3- $m. XI 2 ^W^xr ^^*1 371 ^ #fRijL«- 

<37> ^c^lJjL^ X| 1 ^js^ja ^ XI 2 ^-ff-^-^ M^}^ #3<2*> ^>°1 

ofl <£;t£U x\s.o]} -g-^H ^H^Rr ^^11:* 3L^M=h 

<38> ^. ttVt^o] xl 2 °<NH 7>^V^ K)xm/°}^S.=L ^M_7$5\5LW- ^ 

*r ^£-^s)S-^ XI 1 *i^^f^ 3<X.£ *}^<!) #^^lJ:sq- XI 2 

^-Ji^sl^^r NMOS H€*l^Ei, ^ NM0S H€*l^Ei# ^ltr^-. °flEl<£^r Xl 1 

1 f^^lM XI 2 f^JSt #^*r^. NMOS B^^l^E^ XI 1 ^s.^]s^l XH^Hl 

*>JL, ^iff--^-^ XI 2 PMOS H€*1^e^ c e1 ]oiofl o^sj c^oji. ^cf. NMOS H 
Sflxl^Ei^ XI 2 XH*H1 ^$\$ XI 1 PMOS H€*1^E| 

<39> £ i£^o] XI 3 ^Bfloll Of^ ^ 7 R}-^ clxl^/^^ZL ^tHE^fe ^fH^L, Xl 1 £ 

^#Jf , XI 2 ^^g-^-, ^H^f , £ ^3*1 XH-tlS IH^* 
<40> ^^.^a.^ 7l^ff-^, XI 1 PMOS B^liBi, Xl 2 PMOS H^l^E], Xl 3 PMOS 

^l^E-1, Xl 1 NMOS H^l^E] , ^ Xl 2 NMOS B^*liEl# ^altr^f. ^^McH 
3*H ^^sl<X $1°.^ 71^*1^-1- ^trcf. xl 1 NMOS M^^l^E^ t^-o^c 
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1020030063150 #^ <^*}: 2003/10/16 

(diode-connected)^^ , *fl 1 ^^Jl* #^*Vcf . 2 NMOS H^l^E]^ c}ol^_^ 

$1°-^, ^1 2 ^-fHIJL-I- »1 1 PMOS B^l^E^ 7}^^Q$) Ej-^\=H 

^■f- ^-sflo] ^ tJMB-I- 3Hrt}. *fl 2 PMOS H^l^Eife 1 PMOS H^l^Ej^ Tfl 

7flo]B^- 4^$}- ^ i PMOS H 31*1 = efl°H = 31 

*fl 3 PMOS H^fl^l^B^ *fl 1 PMOS H^liEi 7flolH<^l TflolHfif 
°fl db^sf 2 NMOS H^E^^o) cefloioii cg^s} =efl<y* 1 NMOS H^fi 

xl^Ejo} A>ol2:<Hl rfltr *ll 2 NMOS H^l^E^ a\o)^$) wl(ratio)^ 2 PMOS H^l^Ei 

<4i> i ^i^-^Ei ^^(current -mirror-connected)^ NMOS H 31*1 ^#3. 

^S]o] oio.^, ^s^h.^ ^^Kr 1 NMOS Hiffl^E-H Sicf. *fl 1 

^ 3.7)2) ^^.S.^^ #^*r4. 2 ,£ff-^-^ <&^& 
NMOS B 31*1^1-3. ^Ifr^l- ^*Rr 2 NMOS B^l^E^l ^-f-^o. 

<42> ^4!^ *)1 1 *l^#-¥- g *H 2 #^*r#^ #S^*} a>o| 

<43> M. M^o] o^ofl ^s. tq^^/0>^- S Zl ^^£r k(=m+n, ^ 7 1 

*\ *}<3^°lJl, m^r n^r k *1 ^ *r<3^r) «1BS1 c^l^ 4M^€- rfl-§-^ °}^g_=L a] 
^«r*Vrf. a 0 v 7 ] 7 RV*§ q^l^/o>^^zi ^«-«o>^^ k cl^ig o] ^ a) s-g-.g- 

^4l*Kn. m+(2n-l) 7H^ i^^l *fl<HX| Jr-f.^ ^-711, *H 1 ^^-AiJ:^- ^7) l ^ff- 

*\3LS) 2>"Bfl^ 3711- 7>^1 afl 2 ^-W-^lJl* Zj-Zf ^IsHr ^)., *\] 1 ^fRl^l -§-^V<*j 
2P(0<p < m)^ 7>#^11- 7f^l m7flfil ^1 3 ^^2tt ^ , ^1 2 ^i^- 
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1020030063150 «]*}: 2003/10/16 

^J^l 2^ 7}^x\W 7}^\ 2n-l 7fl^ *fl 4 ^**l3i€-g- ^*Kr #31 , ^ *fl 1 ^ 

SZL #^#*H1 #3*Kr #3l« ^1 W. 

^ #^ ^d^lt *Hd*Kn. ieliL^^St !HW?l-fe- #31, ^ *fl 1 sUHJJL 

^/HLir >fl 2 #^R1JL^ a7l# S^Rr #7111- S#i*H=- 3ff-iL^#31» D] ^Wl^ ^ ojcf 

<45> ol*>, ^Jf^V 51^ -i- £ ^3 w>^*V ^aHIs.^- #xfl*| ^^§>JL^> *Vcf. 

< 46 > £ 2 ^ ^3 A 1 *3aHH1 10 ol H #^f- 7R>?g cl^l^/o>^n TialEil- 

£ 21- ^-2:*>#, *lff- 7RV<g *lxM/o}^£.ZL &v]K\±r #^€^(210), *f| 1 
^■§-¥-(220), afl 2 ^^^(230), ^^(240), ^ ^*1 *)H^1Jl ^^(250)» ^*1 
#^#^>(0UT)^1- 7l^^«g-(VREF) 4°l°ilb #^*KKR0H , 7i^*i<y- 

(VREF)^r ^^m/^S-ZL ^^E^ T^^l^ ^1517> OH ofl^ #^ ^^l . 

<47> ^o^^l *iHa}Jl ^^-(250)^ 10 til so] d^]^ <^a}J:(DIN1 ~ DINIO)*^ ^r-tlsr>Jl 

5+C25-1) 7fl2l ^^1 ^H^lS-i-(Dl - D36)* ^3M=h 

<48> ^s.^«. ( 2io)^ 71^^1^-^(212), *fl 1 NM0S B€*1^1(MNREF), *ll 2 NM0S B^*l^El 

(MN01), ^1 3 NM0S H^l^l^Ei(MN02), ^ 1 PM0S H^l ^E) (MP01) , ^ ^ 2 PM0S H*ffl*l^El 
(MP02)» ^wl*V4. 7l§^^(212)^r °^#°1 *I^*I<y-(VDDHl <£^.s\°] 91— ^ ?l^ff- 
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(IREF)» *ll 1 PMOS B^^l^EiCMPODfe- ^^(diode-connected)5l<>| $X°- 

^,^11 #^tH}. ^ 2 PMOS Hqfl^l^Bl(MP02)^ rfo]^.c <£^^o] oiob] ( 

^1 2 ^fR0Ji(32I)-I- *(| l NM0S B?E*li&| (MNREF)^r 71^^^(212)^ Bf^ofl 

^# ^efl<y ^ TlHBl- 3Hr4. *)1 2 NM0S B^liEi (MNOl)^ *fl 1 NM0S S^I^e] 

(MNREF)^ Til <3^4el TflolH^ <g^^ ^^S}- ^ 1 PMOS H^fl^]^Ei (MPOl)^ E. 

eflolofl <£;g^ =efl°l^r ^nf. ^ 3 NM0S H^*)^ (MN02)^=r 1 NMOS B^H^l (MNREF) 
2} TflolH^l Tflole^. ^ofl o^jg ^^fif ^1 2 PMOS H^^1^E^(MP02)^ = efl*}ofl 

<49> ^1 1 ^^^-f (220)^ ^IfMEl <g^(current-mirror-connected)^ PMOS B^l^Ell- 

(MP1 - MP5)S. Sl^, ^1^-^1-^(210)1- ^^Rr 1 PMOS B^l^EKMPOlH ^ 

f 7 ^S ^) 1 ^^^-(220)^ ^iS. 3.71^] ^JSKI, 21, 41, 

si, 16D* 

<50> 2 ^^^(230)^ <^^^ PMOS S€^^Eil:(MP6 ~ MP36)S. $X 

— ^ , #-?tW(210)» ^*Kr *ll 2 PMOS B3l*l^Ei(MP02)ofl ^-§-3°-^. 91^. 
2 #^^f(230)Tr ^JL ^-<HH> H7lS] ^^S(32I)« #^tH}. 
<5i> ^o 1 ^l«.(240)^ 1 €^^(220) ^ *H 2 #^^f(230)^ M^*}-^ 3^ 

#^^7>(0UT) o^^jl *(M4I3:#(D1 ~ D36H1 <^ ^43*>Tr ^3*11- 

(SWl - SW36)* i^-*Vq-. 
<52> £ 3^r £ 2<H1 SU^r ^3*1 *1H^1J[. H-^( 250)1- A <M1*1 M-Ef^l £^o!4. £ 3-g- 

2:*!-^, i^Al ^Ma]Jt ^^-(250)^r tlSC-|(251), g efl*l 35.(253)* ^lt^. 
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<53> o]t\, 5L 22f S. 3* Xl 1 ^Al6j|6|| ttJ-S- C^^/of^ZL 

<54> aflo^jr t^Jf (250)^ ^^(251)^ t^*]^ ^^^15l#(DINl - DIN10) ^ ^> 

alB«^l Sfl^S^ T^IH ^1^-1-(DIN6 ~ DIN10)* ^£}JI 25-1 7 fl^ v)x]Q a] 

Jl(DE01 - DE03D1- 2fl^l^l^(253)^ t\x]% ^^^^(DINl ~ DINIO)^ ^ «1 

Bofl t^^l^ ^ISl-CDINl ~ DIN5)4 25-1 7fl 3 3*1^ 4!:§L*(DE01 - 

DE031)-g- Efl^l*>ZL 5+C25-1) 7flSl XH^lJH:-§: ^^tbcl-. 

<55> l NM0S B^^l^Ei(MNREF), Xl 2 NM0S H^l^ (MN01) , ^ ^1 3 NMOS H^l^E] 

(MN02)^ 91^-. Xl 2 NMOS B^l (MNOl)-^ Xl 1 NM0SH^£*1 (MNREF) 

4 ^ ^^tb ^r/^l (width/length)* Xl 3 NMOS (MN02)^- 

XI 2 NMOS H^fl^^(MNOl)^ 32«fl^ AHs, s ^ 2 NMOS B^l^i (MNOl)^ 32^2] 

<56> ol-s- H^*!^^ >,efl#iE. ^^(VTH)ol 2.^- ^-^*>4^, Xl 2 NMOS H^l^El (MN01) 

9\ SSflolofl * ^i^-(l)^ *)1 l NMOS (MNREF) ^ = 31 <?] <Hl jr IREF)^21- 

-£- < il*V 3.711- 7>*H, XI 3 NMOS ^^^l^Ei(MN02)^ S-BfltM = ^ Xl 2 NMOS H$ 

xl^E^(MNOl)^ =511^^11 ^fl-(I)^ 32«flSl 3711- ^cf. 

<57> XI 1 PMOS H^^l^Ei(MPOl)^ tHiLE. ^o.t^ ( zl =^1^^ Xl 2 NMOS 

^l^&KMNOl)^ = ell^oii ^^srjo) XI 1 PMOS H^l^ (MPOD^l ^efl«?l^ 

XI 2 NMOS H^^1^Ei(MN01)Sl S.tf(|olofl JL^.^ 3HHI)^ 
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<58> 2 PMOS BSH^liEi(MP02)^ rfo|^.c <£%s)°] <& <L^ , ZL ^ 3 NMOS 

*l^Ei(MN02)^ =sfl<y^l $1°.°.^., 2 PMOS H^l^ (MP02)£] Heflolofl 

^-Ff-Tr ^1 3 NMOS H^l^E|(MN02)5l Hefl<>H Jr h.^ ^^-(321)^ <|} <5r}tf. 

<59> *fl i #fHg-^-(220)^ PMOS H^^]^Ei#(MPl - MP5)^r ^is)oi oiji a 7|] 

°]Bt°l *iff-^-^(210)^ *l] 1 PMOS m^*li£l(MP01)£] tH^IH^ PMOS H€ 

*l^iH(MPl)fe ^1 1 PMOS S^^l^EKMPOl)^ ^.<atb *Ms* 7>^1zl, PMOS B31*liEi (MP2) 
^ PMOS H^l^EKMPl)^ 2Bfl^ Afo]^, PMOS B^fl^l^Ei(MP3)^ PMOS H«S*1^eKMP2)^ 2 
wfl^ A>ol^ ( pmos B$*liEi(MP4)^r PMOS B 35*1^1 (MP3)^ 2«fl£] a>o] S) PM OS B^I^e] 
(MP5)tt PMOS S$*liEi(MP4)^ 2wfl^ a>o]^^- ^cf. zj-zf I, 21, 41, 

81, 161, ^ 2k(k^ *}<&^)2) 371* 3Hr4. 

<eo> ^ 2 ^^^(230)51 PMOS H^^l^Ei-i-(MP6 - MP36)^r <£^_5\o] <&5L ZL 

TflolE-s-o] (210)2) *H 2 PMOS H^^^EKMP02)S] TflolB^l PMOS B 

^^l^Ei^(MP6 ~ MP36)^ 3.^ Aj-ol^i- ^rf. , #^*HRr 2.^ 321^ 37) 

» £tt4. 

<6i> £ 2^ t^^l^/o^szL StHE^ ^ l ^^^(220)^1 5 7fl<q PMOS B^M^e)!- 

(MP1 ~ MP5)^r AV-g-^ji, 2 ^1^^(230 HI 31 7fl<3) PMOS BM^E-| #(MP6 ~ MP36)-|- 
*}-8-*M, 10 ti]H^l ci^l^M^-szi 

<62> io a)e^ t\z\^ <^^lJi(DINl - DINIO)!-^ ^M^ls. ^^(250 HI 2)*fl 

5+C25-1) 7flS] ^l^^l^-i-CDl ~ D36)B uj-^o] #^^cf. 
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<63> 36 «1B^ ^^Al^-i-(Dl - D36) ^ *>fl 5 «1B(D1 ~ D5)^ ^^^-(240)^1 i 

fl*l#(SWl - SW5H A y A £.*f\*\ *lH^JL(Dl)^r a^fl alHCLeast Significant 

Bit; °}*\, &)S.*\ ^*l(SWl)°fl <y ^ 5] Ji , ^]^Al^( D2 )^ + s>] (SW2)«fl , i 

*ll<H4I:£(D3)fe- ^*](SW3H1, *IW413:(D4)^ ^^(SW4)^, *lH^]Ji 

(D5)fe ^*1(SW5H] ^ <^^. 

<64> io °J^^lSlr(DINl - DIN10) # 5 «1H(DIN6 ~ DINIO)^ ^S^l- 

<*) 31^1^^ cIHeKDEOI - DE03DS. W<H*! * ^^(240)^ ^*1*(SW6 ~ SW36H1 
zj- <y^^4. ^^(240)^1 ^^51^ 31 t>lB^ ^H^1J1(D6 - D36) A}o-|ofl^ o.^ 

<65> ^x1^/o>^s.zl ifl^l ^1<H^1J:#(D1 ~ D36H 2.-T- "0", ^ ^^^1 

JL(DIN1 - DIN10)7|- 5.^ "0"<U nfl, #^^>(0UT)^1^ 7l^#<g-(VREF)°l 

<66> ^^Ai^-irCDl - D36) # Dl°l M-^lfe S-^-"0"^ nfl , ^*1(SW1)7> ^ 

£l^L tfe ^*1«-(SW2 - SW36)£- °1 nflfe 3^R!Jl(I)7} PMOS B^M^ (MPl)l- 

-f-*fl #^^^(R0)^-S. #^^>(0UT)<Hlfe 7l^^<^(VREF)^l I>R0^ % 

<67> +o\*\ ^l^AlJil-CDl - D36) # D27> M-^^l^ ^"0"°^ nfl t (SW2)7> ^ 

tf-E- ^^^ll-CSWl, SW3 - SW36)^r J2.H^nf. o] nfli=. ^^-a]s(2I)7> PMOS B^l^l 
(MP2)« *«fl #^^*J-(R0).2.S *€-t4. #3#*K0UT)<*flfe 7)^*I<y-(VREFH 21 >R0^| &<&°\ 
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<68> ^1<>|^1^1-(D1 - D36) ^ Dl-4 D27> "l"°lJl a^O"^ nfl , i^*l(SWl) 

4 ^*1(SW2)7} ^S)JI cf s ^^§(SW3 ~ SW36)^r ^B^tf. °1 ufl^ PMOS B3l*l^El 
(MPD4 PMOS H^^1^B](MP2)« ^ ^^lS(I)^ *1^R1Jl(2I)7> D)*flaJ #^ ^^-(RO) AS 
J^g-*}. #^^-7V(0UT)^l^ 7l^^<3-(VREF)<Hl (1+2)1 >R0^ #«3-°l tH*fN 

<69> i^^l ^H^Jl-i-CDl ~ D36) & Dl ifl^l D57> »l"°lJl 2.^"0"^ nfl , 

(SW1) ifl*l i^*l(SW5)7> ^ElZL rfs. ^^1#(SW6 ~ SW36)£r AH^cf. o] nfl^ PM 0S B31 
^l^Ei(MPl) ifl*l PMOS H^^l^£i(MP5)# f-*fl ^fKlJL(I), #^K1Jl(2I), *HR1J:(4I), # 
^R]JL(8I), ^ ^HKIJU 161)7}- #^7-}*j-( R0 )o.s #^7K0UT)°fl^ 7 1^# 

^■(VREF)efl (1+2+4+8+16) I >R0^ *\<&°} D)«fl^ 

<70> o}<% ^-o], *fl l ^f^(220)i $m (O+VREFHH (311 >R0tVREF)7>^l 32 7fl^ ^-g- 

^ M-^-'i ^ 5^. ^^(240H 31 ^H^lS-i:(D6 ~ D36) 

AHir ^^^7> ^0 ££i o}S- c-flolE^S M-B^^ ^ ^ 32^1 Cf. nJ-BH. 

*ll 1 ^^§-g-*f(220), 2 ^^^(230), ^ ^3^(240H £]*fl ^ 54+3 

^ Sltf^ ^ 32>32 = 1024°1^. ^, £ 3^ v]^/o}^;^n. &*\K\3, 10 «1B^ t^]^ 41 

<7i> £ 2°\] ^ 7R> t 8 cl^l^/^SZL 3«1EW*1, *fl 1 ^^^-^(220)t3 PMOS 

B<ffl*liEKMPOlHl ^1 2 *lfrg"g-¥-(230)fe PMOS B€*l^i (MP01H1 <£^£) 

°] 9Xt\-. PMOS B^l^Bl(MP02)» PMOS B31*l^£l (MPOl)^ 32^2.^ ^7\] ^TpflB NM0S B 
^^1^eKMN02)^1 <3^€ PMOS B*a*liEi(MP02Hl^ PMOS B^l^El (MPOlHl = ^ #ff-^ 
32«fls] xl^-7> ^ 5U^. atb, PMOS B€*l^£i(MP02)°fl *)1 2 ^^^(230)^ 

B^fl^l^B^(MP6 ~ MP36)£) ^H^-£ PMOS B^l^^(MPOl)^ 32wflB4 ^Tfl *&WtfQ£., 
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°1# B^l^Ell- -f-*fl Jl^^ £=.i=. PMOS H^l^ElCMPOlH ^^.^ 3 2tifl7> ^ ^ 

$U4. PMOS B€*l^(MP01)£l 7\\ °1H ^-/^H^ 4/25, PMOS B^^l^B^ 

(MP02)^ TflojE cgcdo} ^-/^ol^ 7/3AS. ^Til^- ^ PMOS H^*]^E| (MP02H1 

all 2 # ^5-^(230) 2} H^^l^^-i-(MP6 ~ MP36)^ 7/3A5. ^Tfl^ ^ n}^ 

<72> £ 4^r £ ^T^^ *ll 2 ^*HH 4^ 10 «]H *lff- 7RV^ Cl^l^/6>^SZL ^W^l- 

M-Ej-^flrf. £ 4£| s]5.^r £ 2^1 £A]^ -g- A] 1 ^^1^1^ sj^ofl ^ i^s]S7> ^ 

<73> s. 41- ^2^3, ^1^^*15.(260)^ *ll 1 #^§"^f (220)^1 #^^Js(CSl)^ 

2 ^fr^^ (230)^1 *>i4^ #^Als(CS2)l- ^§>J1, ^eili^JUEClP, EC1N)# ^ 
^ ^^(210)^1 ^^-ii^S] 5(260)^ <H1B1^H(262), NM0S H^l iEi (MNC1) , 

^ NM0S S ^£^l^Ei(MNC2)l- ^]^. 

<74> 0^^(262)^ *ll 1 ^-fr^-^C 220)^ #^^1X(CS1)^- ^ 2 ^i^W^-(230) 

$\ isM*) #3|a13l(CS2)* ^1^§>J1 *fl 1 ^^S(VCOl)^ ^1 2 ^^ROJl(VC02)«- 

#^t.Vcf. NMOS H€^]iEi(MNCl)^ *fl 1 ^-*]iL(VC01)£] *1H*H1 # 
f?-^(210)£] ^1 2 PMOS B^*l^Ei(MP02)^ ^^l^^l ^efl^* NMOS B31*l 

iBl(MNC2)^r 2 ^^Jl(VC02)£) *1H*H ^*M" ^^(210)5] ^1 1 

PMOS H^^l^EKMPOD^l :E.Efl<U°fl 

<75> o]^> ( ^^-ti^s]S.(260)^ ^*H1 cfl*fi -g^W-. 
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<76> £ 4B\ ofloflA^ *\] i ^^^--^-(220)^ PMOS B€^l^^l;(MPi ~ MP5) # MPl^ = 

°A ^(CSl)^- *fl 2 ^^^(230)5] PMOS BqE^l^^l-(MP6 - MP36) ^ MP6£) ^eflo] 
#fKCS2)l- €^><^ iL^*H=r i4EKH2m. 

<77> 1-^, CS1°1 ^7}*}-Jl CS27> ^-f, VCOl^r ^7}*}3L VC02^ #4i*}7fl ^cf. 

VC0H ^7}k}t£, NMOS B^^liBl(MNC2)l- -f-Sfl JljeL^ ^( EC IP) 7}- ^7\*\?\) £4. VC027} 

NMOS H^^liEKMNCl)^- -f-*fl JI-eL^ ^^-(EClN)7l- £4. ^^M , 1 

^^^(220)^ PMOS B^^1^bH-(MP1 ~ MP5H1 JL #^>7fl Sjjl, 2 ^i^- 
^^(230)^ PMOS H^l^El^(MP6 - MP36)°fl Jl = ^7}*}?]) ^cf . 

<78> cSlol #i^JL CS27> ^-7}% ^-f , VC0l£- VC02^r ^7}-s}7\] Qt^. VC0H # 

NMOS H^^liB.KMNC2)# -g-*fl Jl=tt ^^-(EC1P)7> #^>7fl ^cf. VC027} #7HV^ , 
NMOS H^^iEi(MNCl)# -f-*ll Je.^ ^^-(EC1N)7> ^7}*}?]} ^tf. t ^ i s.^j=l 

(220)31 PMOS H€^li^l-(MP1 ~ MP5H JlJ^ ^7\?s\A\ s\JL, A] 2 #-fr? 230) 

PMOS H^^l^Bil-(MP6 - MP36H1 *^^r ^Ifr^ #^}t11 ^cf. 

<79> o)ei ^1 o_5L, £ 3^ ^^-5L^S]^(260)^ 1 ^^^(220) ^ *ll 2 ^^HS^^- 

(230)^1 #^^^-7> ^3^3- ^7>*>^ ^iA] 7} ^ ^_o^, ^3 O.S ^ 

<so> 51 5-b 3 ^AHlo]] n}^ 10 alB. 7R>^ ^^/o}^^ fd^E^l- 

<8i> £ 51- ^S^, # it ^2)3.(270)^ 1 ^^-^-^-(220)^ #^^]S(CS1)^- 

2 ^^-^-^(230)^ ^>q-^l #^^1J:(CS2)1- ^*>ji, o11e^^Al^(EC2)l- 3l 
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ff-^(210H ^il^s) 3.(270)^7 °\^3.ZL/v)x]Q ^^Ei(272), §J B^ 

*1^E|#(MNC3 ~MNC6)3. ^^-2:^5)3.(274)1- ^w^t}. 

<82> °}^3,n./v)x]i£ ^^(272)^ *ll 1 ^^-^-^--¥-(220)21 s>uf^ ^ a]31(CS1)^- ^ 2 

€^-^^-(230)^ S>u|-<5] #^^13L(CS2)» ^r-tl^H 4 wlB^l ^*l*i *\SL£- 

S.ZL/c]^l^ ^^(272)^ ^A<^1 ^ alB^ t^ig A^k ^ Slcf. 

<83> ^-ff-S^s] 3.(274)^- ^HS. 4 7fl^ NMOS B€*l^£l (MNC3 - MNC6)# 3.^tb^. 

NMOS H€^l^Eil-(MNC3 ~ MNC6)£r ^tf|Ei(272)^ ^ ^1 ^ 

o]*}6\] ^<ft% *>JL olls^^Ais(EC2)l- ^Al^lcf. o] oflE^^A]J:(EC2)^ 1 

PMOS B^1^E](MP01)^ -E. efl oil 
<84> ol^V, #^-iL^slB(270)3l cflsfl ^^*Vrf. 

<85> s. 52] 6\}q\]a^ ^1 i ^^-^^-(220)^1 PMOS B^l^l^-CMPl ~ MP5) # MPl^ 2=31 

<y *IfKCSl)^ ^1 2 (230)^1 PMOS B31*l^Eil-(MP6 - MP36) ^ MP6^ = eflo] 

^(CS2)» ^Eil- Ji^Hr 4^5^. 

<86> £ 5 o) ^^-iL^ si 3(270)^ CSlsf CS21- wlH*>Jl ZL 4^ ^BZL/r^l *i ^ 

^(272)2] #^^1^^ ^^^cf. ol SHI ^-2} NMOS H€*l 

iE^-i-(MNC3 - MNC6) ^ £r3^- B^l^E^ ^7} ^^i}. B^l^E^ ^7> #7K> 

(EC2)^ 3.71^ ^*Vcf. 
<87> s. 5^1 °fl °ll *\ , ^i^-S^ sis. (274)1- mOS B^*1^1:(MNC3 - MNC6)^ = 

£ ^1 1 PMOS B^^l^El(MPOl)^ ^ell-y^l ^-g- "S^^M , ^^-i^s)S-(270)^ 
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A 1 PMOS H^liEKMPOlHl 31^*1 3 A 1 (220)3] PMOS H^l^^ 

(MP1 - MP5H1 = ^ ^sMTJ^. 
<88> foj _ csiol CS2-=»fl al^fl #7>^ ^iL^ 3 3.(270)^- ^e-]ii^^s(EC2)2] 

3711- #^}~7}JL A 1 ^^^(220)^ PMOS H^fl^l^Eilr(MPl - MP5H1 JL^-fer # 

<89> CSI^I CS2°fl a]*fl ^-f, £fMiL^ 3 5.(270)^- £\ S.^ ^1Jl(EC2)31 3711- ^7> 

A 1 ^-^^(220)31 PMOS H^l^Eil-CMPl - MP5H1 = ^ 21-fi-* ^H^lc}-. 
oo> olel ai^s., £ 53} ^fj-iL^j 3 5.(270)^ *fl 1 ^^-^(220)31 #^^l^-7> ^3-° 

«HiL4 ^7}^ ^-^171^ ^^-^^.S. afliLC} ^5}^ ^7>Al7l 

oi> £ 6£r ^31 4 14^. 10 alH 7R>^ ^^l^/^^n ^b-H- 

M-El-141^ S)S£olcl-. £ 63} ^*lli/o}^5.ZL Ti^E^ ^Iff-li^Sl 5.(270)31 #^0] oflei^.^ 
^l^(EC2)7f #^Jf (210)3} 2 PMOS B3l*l^ (MP02H1 ^ff# ^^1^1^ ^ 

3H1^ £ 5^1 -g-3Js>cf. n}^, £ 6 3l 5)5. 3fl tfltl- -y-Afl^ ^e^tf. 

<92> £ 631 ^Ji^sj 5.(270)^ A 2 ^1^-^^-^(230)31 #^^7}- A 

M-t)- ^7>*>^ #i*l7l^ nfl^.cf #^€r}ig ^ 7 }X\?}^ ^0.5. 6)1 

<93> Aj-yjoflA-l^, A 1 ^^-^^-(220) ^ 2 #^^f(230)S^El zl-zl- 1 7 fl3l 

2-9 ^]*H ^1^* iL^*Rr ^1S 7l#^]-9i^n> i ol ^^^#(220, 230)5^ 

AA 2 7fl °l A d-3l #^A]^1 ^l^* ^51 
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*(MP1 - MP36) -E-^S-^fEi ^*}JL, t^^KOUT)^ z]}^ 2i^\ 

<95> £4^| £61 5L*]& ^^1^/^S.^L ^E^ ollel^ ^-gr *fl 

l ^^-^-¥-(220)^ *>M-^ #^4 2 #fr§-^(230)^ *>i4^ ^i^- 
^^-(210)5. s) = ^*>Jl ^^§-^£] 2^*Hr 4^, ^^s\S.7} 

<96> £ 7^- M. ^-^o) ^| 5 ^Al^joll ttfS- 10 UlB *11f 7>^>^ ^^1^/^S.n ^H^l- 

£ 7^ 5]^^ ^W^} ^*H1 r^^^/oV^-S-Zl ^EiojtJ.. 

<97> £ 7^- #2:*}^, ^ 7>^ tq^^/oV^-SZL ^E^ ^s.^«-(310), 1 ^f^g- 

#^-(320), ^ 2 #fH§"^-(330), ^^(340), ^ ^H^IJl 51*1 )!- 

tbi=h 3*13 #^^7>(0UT)^- 7l^^^-(VREF) AWIfe ^^^-s o V(R0)ol <£^S\o] <& SL^ , 7} 

<98> £ ^aI^I^a^ u>^-7>^]^., 7<Hl E^sl *lff- 7RV^ cl^ll/^n ^tH^ofl 

^1£, 10 c]*l*g °g^^l^(DINl - DIN10)l:^r *)H^lJl <tMJ^-(250)*ll ^*fl 

5+(2 5 -l) 7fl^1 *1H*15:-I-(D1 ~ D36)S #^^cf. 

<99> ^^-^-^(310)^r 71^^^-^1(312), 1 PM0S H^^l^Ei(MPREF), ^ 2 PM0S 

H^1^E|(MP01), ^1 3 PM0S H^*l^Ei(MP02) ( ^ 1 NM0S H31*1^e| (MN01) , ^ ^1 2 NM0S 
H3H*liEl(MN02)» ^al 7)^^^-^1(312)-^ <£^o) ^(GNDHl 21°-^ 7^ 

^^-(IREF)l- ^^-*lc|-. ^1 1 NM0S H$*1^e| (MNODtt ^^(diode-connected)^^ 
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91°-^, *)1 1 ^fRl^O)* #^*Vcf. aj| 2 NMOS H^^l^Ei(MN02)-& cfoj^c ^4^1 °1 9X°- 
*fl 2 ^1^-^1^(321 )» Xl 1 PMOS B€^1^^(MPREF)^ 71^^1^-^(312)^ ^ 

^-f- ^efl^l ^ ?1HS» SHr*}. Xl 2 PMOS H^li&KMPOD^r A\ 1 PMOS 

^] i&) (MPREF)^l ^HB^] 7lHHSf ^*H1 1 PMOS B^l^El (MPOl) 

2) 2E.efl°l°fl JEL^l^ ^"^4. 3 PMOS B^l^EKMP02)^r Xl 1 PMOS H^l^ 

(MPREF)^ 7flo]H^l MS t11o]h^ ^^Hl <*|^<g iii)- Xl 2 NMOS ^ (MN02)^ — 

<ioo> *fl i *lff-^-^f (320)^ ^iff-*]^ ^ (current-mi rror-connected)€ NMOS 

B^l^Eil-(MNl ~ MN5)S. , ^i^-^-¥-(310)# XI 1 NMOS 

H3i*l^(MN0lHl ^-§-^ ^^S-H 9l^\. Xl 1 ^^^(320)^ cfs. ^ 7 )9] # 

^-^Islrd, 21, 41, 81, 161)^: 

<ioi> ^ 2 ^1^^(330)^ 3lit*l&| MS NMOS H^1^1-(MN6 ~ MN36)S $1 

^^-^-¥-(310)1- ^^Hr X] 2 NMOS B$*l^Ei(MN02H ^f^S 91^. Xl 

2 #fr§-^-(330)^r 3.7)9) £-fRlJL(32I)«- #^*Vuf. 

<102> i ^^(340)^ XI 1 ^1^^(320)^ f^^ft4 ^^1^/o>^^zl ^ttlEi # 

^^KOUT) A>olofl o^^£]ji ^^^1 XH^1:£(D1 ~ D5H1 -§-^*H i^^^ ^*]1-(SW1 
~ SW5)^: Jt^-*]:^. 

<103> 2 ^^(350)^r Xl 2 ^1^^(330)^1 #^^>1:^ #^^>(0UT) *}°) 

°fl ^^SlJl XH^l3L(D6 ~ D36H1 -§-#sH ^H^}^ ^^^11-(SW6 - SW36)^r 3.^ 
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<104> £ 7 cfl V]^/0}^S.ZL -g-^ £ 2°fl ^- 1 ^3X|afl 

<ios> £ 8^ -g- ^hg^l *ll 6 ^^H1<H1 ttfs. 10 alB ^a. 7 RV^ tq^^/01-^s.zL fi^E^l- 

<106> £ 8 oil °i^7 ^^L^S.^ 5L 4o\) ^iL^S.^ ZL^4 -frA}*} 

S.^ ZL ^-§r ^^W. 

<107> £ 9 ^ ^. ^x$o) ^7 *UH]6fl 10 tijH 7R>zg T^Xl^/oV^ZL ^tHE^ 

ZL ^^-tr 

<108> £ 10-B- ^1 8 ^A]^H1 4^ 10 HlH ^ 7>^>^ ^^1^/^SZl ^l^Eil- 

ufEl-^C)-. 

<109> £ lOofl 9Xt; ^221 -f-^ £ 6<=fl ^iff-Jl^^ ZL^ -fj-A}*} 

ZL ^^W. 

<m> £ H«- ^^-^Tg _ k ( k ^ x}<£^) w]e ^ltM^ZL ^w^E^ ^TflA] k=m+n(m4 n^r 
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^■g-M 5 7fl^l B^^l^Bi# a>^>^ ^4-, ^wlB^l tfl-g-*Hr 2 31 
7fl<^ ^^^]^Ei# A>-g-t!:4. *)1 1 e^u^^g. zl A>ol^(S./^ol)7> 2^ ^ 

1+2+4+8+16+32 >§ 1=1023^1 

<113> ^tilH<Hl tfl-§-*Rr 1 ^^^l 4 7fl^l H^^liBH- A}-g-*}^ |^oflH i ^ 

ti ] JeL°11 cll-§-^ ^ 2 ^-ff^-M^ 637fl2] B^^l^l- A>-g-^ ^4. H^*]iBl2] 
Aj-ojzi^ 1+2+4+8+16 >S3=1023°1 ^cf . ^, ^1 l ^ 2 ^^rg-^-fS ^ «V+3 H 

<ii4> £ 12^ ^Tfl^ #ff- 7K>^ 8 «1H q^l^/^SZL ^^E^ofl 

<115> s. 12^ sl-^^-8 HlH^l SJ^ ^1^1 Ell- 2.^- "O-ollAi "1"7>X| 

^7>Al7l^Ai ^Ei f^#*>2] Al^eflol^*}- ^sfoliq.. si nofl^ ^ Si^l, 0V 

<HH 1.33V^1 2567fl^ efl^o] a^^) ^-g-£)jL . 

<116> ^-71 ofl A^ £s.^g-«-7} 2 7flS ^Ajs)j7 OH- el] ^ 3 7l^ #^^^-7> 

7fl ^AV oil ^S. H7l<Sl #^R1 #^^i^7> ^51^ ^711/ofU^ 5^ 
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<117> ^Hl» -g^SM 1 ?!:. 71 # ^o>^ #<3*Hr K}7)<>\ s-s] ^ 

<118> Hj-Sf ^-ol ^ofl 0}^ ^a- ^l^/ 0 }^^ , ^ 
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l^tt 1] 

k(=m+n, <^7H kfe 7}<£^olZL, m4 n£r k *1 ^ *}<*|^) u|Eoj t\x\Q o^a]^^ 
^-71 k ^-ti*fcn. m+(2n-l)7fl^ *\}o]x\3L^ a$j$ 

^1 1 3ifKlJ:<4 -#7] *fl i ^^Jis] 2^2] 3711- 7>^l 2 *I^R1Jl-I- ^*Rr 

1 ^fROJrol] -g-^H 2P(0^p<m)^ *\£. 7H^1« 7>a| m 7fl^| ^1 3 # 

^"71 ^1 2 #^K1J:<H1 -g-^H 2^ 7>^*1* 7}^1 2n-l7flSl ^ 4 ^df^lltf 

MJt 1 * 2] 
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E^Vofl ^^fl ^- 7 l 7]^^^-Al^2} ^^*1 3.7] 7>^1 #7l 1 ^7} *\] 1 #-fRl 



^s. ^^§>jl #7l i ^fri-^fs}- 

(current -mirror-connected) ^^(diode-connected) *lllB3M:iEl ; ^ 

A oM *fl 2 ^-ff-^^-Sr ^*l5-1 ^€ t+ol^ <£I7J ^2^*1^ » ^l*Kr ^ 
^ ^ 7RV^ cIxI^/oV^^zl ^b\. 

3] 
4] 

*fl 1 %H1 S^l, AV7] #-fr 7R>^ iq^^/o>^zi ^E^ 

#71 1 *]o]5L §>M-o] #^ ^fRdJL^ Aj-71 2 ^^^^ ^ol£ 

5- #W 7}^ ^^1^/oV^s.zl ^£1. 
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5] 

^3^^ 2"-l 7flS] c]*m ^€>}<*| Efl^s>Jl m+(2"-l) 7fl2] ^HAljrS-g- 

Efl^^|S.» ^-Wl^ ^r^°-SL ^ff- 7RV^ tl^^/o>^SZL fi^Ei. 

[^^d- 6] 

k(=m+n, ^71^ k ^ ^oi^olji, m ^ n-B- k *1 ^ 7><£^) t^lli ^ ^JL^-i: 

#71 k wlH^ ^Hft ^!*}J1 m+(2 n -l) 7fl£] *1 ^o]^^ ^ 

*)1 1 #-?RIJ:-I- (diode-connected) A] 1 H 31*1 ^3 ^ #7l 

#71 1 H^l^Bl^ 7l|o)Eofl ^--f-^O.^. ^€ m 7 l]^ BSB^]^E|S.S. 

#7l 2 B^liEl^] t11o]e^ ^f2jos #ff-°]e1 2 n -l 7flsl H^^liEil- 
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*fl 1 #ff-^#^ ^7] A] 3 % ^7} *fl 2 ^-fr-^-?-^ a o v 7 i ^ 4 ^ 

[3^8" 7] 

*H 6 %H1 $1°^, 

^ 2P «fl(0<p<m^l ^^^r)2l ^3. t}--E- a>o^^ 7^1^, #71 *11 2 ^l-ff^^ #7l 2" 
-1 7fl £1 H^^^Eilr^r A oM *ll 2 S^7lA E ^ ^^^V A>ol^S- 7 }*l^r 3* ^3-2.3. 

8] 

A 6 %M1 5U<^, a c v 7 ] ^*i ^ihais: tH^^r 

^•71 k ^^1^ ^^JL^ ^ ^ W1H<^1 sfl^Kr n wlH^ c^ig Aljr-i- ^ 

^1*VJ1 ^lia^H 2 n -l 7fl^ Al^l- ^*Rr tqscl; ^ 

#7l k wlH^ rq^m ^ ^ wlH^ll *fl#*Rr m 7fl^ t^^^ #7l 

^i^*! 2n-l 7fl^l ^^1^ T^-tl^H 2fl^l*>ZL m+(2n-l) 7fl ^ ^H^lJU-g- 

#^*Rr 211^5] 5-* ^t>l*Rr SRr ^ 7>a_V^ ^ ^ ^/o>^ S zi ^E^ 

[^t 1 * 9] 
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^7] 7}^^Q°) Ef^^Hl ^ TllolHsq- 3*H <3^€ 

£tt *fl 3 B3i*]iel; 

-*7l all 3 H^l^E^ TflolH^l 7flol;E<4 ^x]d\) <£^Q i^fif ^>7l all 1 H 

^-71 all 3 B^l^E^ TflolH^l 7l|olH2|- ^^jofl -#7l all 2 H 

€*l^<sl ceflolofl 0^5} ^eflo]^ ^ all 5 B^l^!- n-} ^w]^ ^<L3. 

10] 

*ll 9 %hi sa^i, 

all 5 HSfl^liE^ ^7} z\] 4 H^l^ °1 2 m tifl^ 3.711- ^-JL, ^-7] all 2 B3U1 
^B^ ^>7l all 1 B^l^E^ ? «fliiC} ^ ^ *>fe 7R>^ T^l^M^S. 

[^J^ 11] 

*11 6 ^M^l, #>1 *lff- 7RV^ ^HiM^S-^- ^e^ 

^-71 all 1 sj-ufcq ^ a^-AlJr<4 #7l a!] 2 

*>i4^ £^ ^fj-AljL-I- ^B^^l- IMW^ ^1 a1^-€^-^ ^"71 all 1 3ff- 

^IJ: ^/SE^r ^-71 all 2 ^iHdJL^ 3.7l» ^KS.^ 5} S«- xi\ ^l^Kr i^J JL 
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12] 

*]} 1 ^^Jl* t^*Rr cf^liLEL *fl 1 PMOS HSE^l^Ei ^ ^-71 1 

iin} ^fROjLl- #^*Rr all 2 PMOS H^l^iEit T^l^fe ^i^- 

^S^Jl ^ 3.7]$] *\) 3 ^^fRU^* a|) 1 ;£Jff-^Jf ; 

#7) all 2 PMOS H€*l^£| TflolH^l "g-^SLS. ^^-^lsi ^€ B^l^lrS 

^"71 ^1 1 *l^^f 2} ^7} 7)} 3 ^fRlJll- * all 2 ^l^g-^M ^-71 all 4 # 

^Jlff ^A1*>J1 #7l ^*1 ^o]Al Jl-^oH -§-^>c^ ^EJjsl ^^S^ ^7l ^ 

7}^ ^^m/^S.ZL 

[^T 1 * 13] 

all 12 %H1 &<H>H, ^-71 *lfi-«Jffe- 

^-71 71^^^ ^^7}o\] ^f- c £fl o] ^ TllolH^- ^*H1 iit 

a)l 1 NM0S B^l^i ; 
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#7} A 1 NMOS H^^l^B^ TflolB^l 7\]°]^2\- ^7]<>\} <£^.& ±.^9)- ^7} *\] 

1 PMOS H 31*1 = ell^M] i^eflo]^- ^ 2 NMOS H^*l^£l; ^ 

A cM l NMOS H^H^l^Bis] TllolB^l <£^€ ^olH^l- ^*H1 <^^^ ^-7l 

2 PMOS H^*]^^ -Belial <£^Q .ELefl^ £fe 3 NMOS H^l^S ^-n}^ % 
-8: S}^ ^ff- 7R>^ ^xl^/o>^zi ^w^. 

14] 

*ll 13 91°]^, 

#7} 1 PMOS ^t]^b\9] a\o)^6\] cfltb %7\ A] 2 PMOS J=€*1^H *\°}^$\ *] 

(ratio)^ #7l 2 NMOS A>ol^ofl tfl^V #7] ^ 3 nmOS A}oj;^ 

alic} ^ -Hf-^ojiL ^ 7}^ cl^|/o}^n ^^\. 
l^^ty 15] 

^7] 1 *lfr§^-£] ^o]SL *}^9] ^ H^zlQ #7] 4 2 ^^--g-^ 

3. Z}^ ^ 7}^ ^^/ol^S.ZL 
l^^ty 16] 
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3*8 = ; 

<M|5|<S = ^ A o v 7] *fl 1 ^-ilJL^I *fl<H«HI ^-§- 75} ji ^71 *fl 2 PMOS 
b]9] = ell o] oil #^^>» £tt *fl 4 NMOS H^^l^Ei ; 3l 

>g-7l ^fle^H^l A) 2 ^^R0Jl£] c5>ji ^-71 A] 1 PMOS H^li 

J=efl<>H <S^€ #^^>» £ir *fl 5 NM0S ^l^Kr 3J-§- ^S-fi-S wffe 

17] 

IS. <$^& t 1 ^* ^-71 Oj-^^H/Cl^l^ ^E^ T^ig ^H*H1 ^ 

<^iy ^-g- ^.jt. ofle^^Ai^i- s£ 7 ] A] 1 PMOS H^^iE|^ S.efl<*H #4^Kr 

18] 

*fl 15 ^°\] 91°]^, ^"71 ^i^^sls.^ 
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^-71 ai| 1 ^fr^^ *\o]S. Z}^<>\ #3 *i^RljLS>}- ^7} all 2 ^^ 

^■71 0>^ S ZL/^^1^ ^E^ ^52}- ^ 3.^)^7} ^ 

^.S. <&^& o>^S.ZL/c1^1^ ?itHE^ t^ig #5^JL-I.^ a)H<5Hl ^ 

^ *>o} ZL ^"71 afl 2 PMOS ELell^ol] ^isHr ^ff-S^S) 

^WlSRr ^3-2-3. ^ 7K>^ ^^l^/o>^S.Zl ^E^ 

19] 

afl 12 %M1 91 <>\X\, 

^7} all 1 #^^> n^"* ^ 3**3 3.7}$= 2^1 

20] 

all 12 *<M1 5^1, 

^-71 all 1 ^Ifrg-^f* ¥^*Kr H^l^*^- A>o]^ ^JL cfHji 2^1 ^7> 
#i*Hr 3# ^-^^-S. *m *lfr- 7RV^ cl^l^/o^sn fiHlE-1. 
[^^* 0 V 21] 

all 12 *<H1 5U<H*1, 

2 ^I^^f **fl *=^r H^-tt 3.7)7} 3# ^^SLS. *}±r # 

ff- 7R>^ ^Hi/^S-ZL ^E]. 
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22] 

AAQ 0 ^^^1«* ^^1^ Hint- ^41*1 *!H^lJ*a- 49^*Rr ^ 

1 ^-fRlSl- #^*Rr t±o]$_B. <£;£^ ^ l NMOS H^l^ ^ ^7} ^} 1 ^-fHd 
1^4 €■ 2 #fR!iL» #^Rr nfo]^.c ^1 2 NMOS HqH*l^£l«- ^wl*}^ ^ 

#7l ^ 2 NMOS B€*1^3 TflolM^l ^3 ^€ B^^l^s-S. ^ 

^£)JL ^3. 3.7}$] 4 4 ^HHIM* #^*Rr »1 2 ^l^^f ; ^ 

[3^8- 231 

afl 22 %H1 #7l 

» 5Hr 1 PMOS H^l^i; 
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#7) 41 1 PMOS B^Ul^E^ 7lHB°fl tIM^s* ^Sl'SMI # 

7l 41 1 NMOS H^l^E^ -Befl^ofl = efl^-S: ^ *ll 2 PMOS B€*l^; 

^-71 4l 1 PMOS B^S^l^Ei^ TlMEofl o^^Hl TllolHSq- ^^^l 4^2}- #7l 

afl 2 NMOS a) <£^& H.eflo]# ^ 41 3 PMOS B^l^EiS ^ ^ti^Hr 

24] 

4 23 %H1 5^1, 

#7l 41 1 NMOS H^7liEia) a>o] S o]] tfl*!: A o v 7l ^ 2 NMOS H^l^E^ a\o)z,°\ 
(ratio)^ ^7} 41 2 PMOS H^^liB^ Aj-ol^ tfl^- ^7} 41 3 PMOS B^I^e^ a}o}^ 

[^^J- 25] 

41 22 *cH 91^^, ^7} ^ 7RV^ A^m/o\^=L 

%7] 41 1 *I^r§-^f^ 2{°]5L s}ufo) ^ ^fH0Jr<2}- 4| 2 ^ff-^Jf °} ^o^s 

^}Jl ^/SE^r #71 4l 2 #^]JL<5} 3.711- 2:^Kr ^l*Kr 3* ^ 

26] 

^ 25 *oHl 5^*1, ^"71 ^iL^S^ 
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#7l *fl 1 3<Hi #3 ^fR!^ #7l 2 #^^f^ *H 

#7l ofle^oflHc] ^- 7 ] ^] x ^^a]^o^ ^)HsHl *\JL #7l A 2 NMOS B^^li 

= el] o] oil #^^>1- ^1 3 NMOS H^^l^Bi; ^ 

#7l ^ei^^ #7l 2 ^#31^ ^H^Hl ^-*M- *1-Jl #7l *ll 1 NMOS 
Ei<£| JE.efloloj] ^ ^1 4 NMOS H^l^El* ^lsHr ^ ^^-S. ^ 

^ 7}^ t]xM/°}^3-=L 

27] 

^ 25 5^*1, # 7 1 ^-iL^S|3.^r 

#71 1 ^^-^ ^cH5L ^140) ^ ^^-#Jl^ #71 2 ^frg-^^ *M 
£ #^ €^#S» WlHl- ££r -aiS £«:*Rr o>^- S ZL/^ 

^S. 7>^li, #71 o>^ZL/l4^^ 3*1^ c^nti ^^§0] ^h§hi ^ 

*>JL ^lel^^lJll- #71 *)1 1 NMOS mM^Ei^ 1=31^1 *14^Kr 

28] 

25 %H1 SU^i, #71 
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#7] *H 1 ^ifi-^M ^S. *>i4^ ^^fRl^ ^7} 2 31^^-3 3<H 

IS #7l o>^S.ZL/^^l^ t^tg f ajA] J^cq z\)o]?>}6)} ^ 
34) -§-*M- ^ ^lsm^^lsi* ^JM^ ^7} *fl 2 NMOS B^^l^B^ =eflolofl ^s}^- 

#^^3 5-1- ^l^Rr 3* *>*r ^ ^*}^/°\^5L^- • 
[^*J- 29] 

*ll 22 $1°]*], 

^■7} n 1 ^ff-^^f^ M^7> ^^M: ^fl 371^ A^S. 2^ 

<g^3. ^7} SE^r ^6.3. 7>^V^ ^^l^/o>^ll ^E| . 

30] 

*ll 22 , 
31] 

^1 22 ^^l, 

AJ-71 ^1 2 **fl ^ = ^ €^ 3.7)7} &<Q& S-^^-S *>^r # 
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32] 

k(=m+n, <^7H k^r ^^^^Jl, n-8r k *1 #^1 *}<£^) «1H^ ^4lJ*§: 

^7} k t]x]Tg <a^^l3l*^: ^*>3. m+(2n-l) 7fl2] ^H^ls** ^ 

#31; 

^-71 *fl 1 *1^K13l<*11 -g-#*H 2P(0<p< m)£l ^s. 7>f^l# 7}# m 7fl^ 3 # 

f^litt ^*Rr #31; 

^7] A 2 #fR]S°11 -g-#*H 2*2\ 7\^*]% 7}^. 2n-l 7fl<^ 4 ^^Jltlr 

AV 7 1 ^ i = o] ^-71 ^1 3 ^^-Al jrs. ^ a> 7 ) ^ 2 *i^H§-^M %7\ A 4 *d 

jsAij-^-g. ^ai^ji *iH>03i»°ll -g-#*H -id^€ ^l-fKls-I:^ ^7] <y 

331 

*fl 32 %M1 $Z^H^, ^71 #ff- 7>^ t)x}H/°}^3-=L 

^7} *fl l ^^rg-g-Jf^ #3 ^i^Kl^ 5 * ^7) *fl 2 ^dff-^^ 

<5}i4^ #^ *lir^l3l* ^<t!*>^. ti^^lJil- 7l^r #31; ^ 
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